M embranous glomerulopathy (MG) is a common cause of nephrotic syndrome caused by the formation of immune complexes along the subepithelial aspect of the glomerular basement membranes. 1 Although these immune complexes, in the vast majority of cases, are composed of polytypic IgG, there are rare cases that show light chain isotype restriction by routine immunofluorescence. Numerous case reports and case series detailing glomerular diseases caused by nonorganized monotypic Ig deposits showing a mesangial proliferative, endocapillary proliferative, or membranoproliferative pattern of glomerular injury have been published, and, depending on the clinical scenario, have been found to be both associated with and independent of underlying lymphoproliferative disorders (LPD). [2] [3] [4] [5] [6] However, relatively few case reports and small case series have described a membranous pattern of immune complex deposition with monotypic deposits, and the clinical significance of such deposits remains largely to be explored. 2, 3, [7] [8] [9] [10] [11] [12] We report the largest series to date of MG cases with light chain isotypeÀrestricted deposits, with emphasis on morphologic and immunofluorescence characteristics, which may aid in determining the possible risk of an underlying LPD.
MATERIALS AND METHODS

Patient Selection
A retrospective analysis with clinico-pathological correlation was performed on all renal biopsy samples received at Arkana Laboratories (formerly Nephropath) between January 2010 and February 2016 that met the following inclusion criteria: predominant MG features characterized by glomerular basement membranes with silver-positive "spikes" or silver-negative "pin holes", with or without mesangial hypercellularity; positive granular capillary wall staining for IgG by routine immunofluorescence; positive staining for a single light chain isotype (kappa [k] or lambda [l] ) by routine immunofluorescence evaluation; and presence of subepithelial granular electron-dense deposits by electron microscopy. Cases with a predominant membranoproliferative, endocapillary proliferative, or crescentic pattern of injury were excluded from the analysis. The study protocol was approved by Schulman Institutional Review Board and conformed to the principles outlined in the Declaration of Helsinki.
Biopsy Sample Processing Techniques
All cases were processed by light, immunofluorescence, and electron microscopy using standard techniques. 13 Kidney biopsy samples were fixed in buffered formalin, dehydrated in graded alcohols, and embedded in paraffin using standard methods. Serial 3-mm-thick sections were cut and treated with hematoxylin and eosin, Jones methenamine silver, Masson trichrome, and periodic acid-Schiff reagent.
Samples submitted for IF studies were transported in Michel's transport medium, washed in buffer, and frozen in a cryostat. Sections, cut at 4 mm, were rinsed in buffer and reacted with fluorescein-tagged polyclonal rabbit anti-human antibodies to IgG, IgA, IgM, C3, C4, C1q, fibrinogen, and k-, and l-light chains (all from Dako, Carpinteria, CA) for 1 hour, rinsed, and a coverslip applied using aqueous mounting media. The staining intensity was graded 0 to 3þ on a semiquantitative scale. If remaining tissue was available, sections were further stained with fluorescein-tagged mouse anti-human antibodies to IgG1, IgG2, IgG3, and IgG4 (Sigma-Aldrich, St. Louis, MO). Phospholipase A2 receptor was detected in paraffin-embedded sections following pronase digestion using rabbit polyclonal antiphospholipase A2 receptor antibodies (Sigma-Aldrich, St. Louis, MO), followed by highly cross-adsorbed Alexa Fluor 488 goat anti-rabbit IgG (Life Technologies, Carlsbad, CA) at a dilution of 1:100, as previously described.
14 PLA2R was determined to be positive if there was any degree of positive granular capillary loop staining in the glomeruli and as negative if there was an absence of staining.
Electron microscopy was performed on the formalin fixed tissue. The ends of the renal biopsy specimen were removed as 1-mm cubes, dehydrated using graded alcohols, and embedded in epon/araldite resin. Sections 1 mm thick were cut using an ultramicrotome, stained with toluidine blue, and examined with a light microscope. Thin sections were examined in a Jeol JEM-1011 electron microscope (Jeol, Tokyo, Japan). Photomicrographs were routinely taken at Â5000, Â12,000, and Â20,000 magnifications.
RESULTS
Clinical Features
A total of 30 biopsy samples from 28 patients meeting the inclusion criteria were diagnosed at our institution within the study period (Table 1) , representing 0.06% of total biopsy samples (30 of 52,364) and 0.95% of biopsy samples diagnosed as MG (30 of 3,129). Twenty seven patients underwent a single biopsy and one posttransplant patient had a total of three biopsies, all from the allograft. No information was available concerning the native kidney disease in this patient. There were equal numbers of male and female patients, and the average age at diagnosis was 62.2 years (range 37-87 years). Nine patients had renal insufficiency (S Cr > 1.2 mg/dl), and the average creatinine was 1.53 mg/dl (range 0.4-5 mg/dl). All 28 patients presented with Six of the 28 patients in the series (21.4%) either had a diagnosis of a LPD at the time of the biopsy, or received such a diagnosed subsequently. Four of these patients carried a diagnosis of chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL) at the time of the biopsy, 1 patient carried a diagnosis of splenic marginal zone lymphoma, and 1 patient was diagnosed with CLL/SLL 2 years after the renal biopsy. In contrast, only 20 of the 3099 patients (0.65%) diagnosed in our institution with MG with polytypic deposits during the study period had a history of an underlying lymphoproliferative disorder. Accordingly, 20 of the 26 patients (76.9%) with MG and an underlying LPD showed polytypic deposits, and 6 (23.1%) showed monotypic deposits. All 6 patients with LPD in our series had a normal serum and urine protein electrophoresis, and only 1 patient had a detectable free l light chain by urine immunofixation electrophoresis. In addition, 1 patient had a prior history of a carcinoid tumor and 1 patient a prior history of prostate adenocarcinoma.
Pathologic Findings
Light Microscopy
Biopsy samples from 24 of the 28 patients (85.7%) showed exclusively MG features with no endocapillary proliferation or cellular crescent formation (Table 2) . These cases had evidence of global or segmental glomerular basement membrane silver-positive "spikes" or silver-negative "pin holes." Four patients (14.3%) had evidence of focal glomerular active lesions, including 2 (7.1%) with focal and segmental endocapillary proliferation and 2 (7.1%) with focal cellular crescents (Figure 1 ). Of note, both patients with biopsy samples showing endocapillary proliferation, and 1 of the 2 patients whose biopsy samples showed cellular crescents, had an associated LPD ( Table 3) . The remaining patient with focal cellular crescents had a history of rheumatoid arthritis with negative antineutrophil cytoplasmic antibody (ANCA). There was no significant chronicity in most cases. Minimal-tomild interstitial fibrosis and tubular atrophy were seen in 20 of the 28 patients, moderate in 7 patients and severe in a single patient.
Immunofluorescence
As per the inclusion criteria, the biopsy samples from all 28 patients in our study had positive capillary wall IgG granular staining by routine immunofluorescence, with an average intensity of 2.7þ on a scale of 0 to 3þ. IgM was positive in 2 of 30 cases (6.7%), C3 in 23 (76.7%) and C1q in 5 (16.7%), with a mean intensity when positive of 0.5þ, 1.5þ, and 0.9þ, respectively. No IgA staining was present in any of the cases. In all, k light chain restriction was present in 24 patients (85.7%) and l restriction in 4 patients (14.3%) (Figure 2 
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A Best Rocha and CP Larsen: Membranous Glomerulopathy With Restricted Deposits immune complex-type without evidence of substructure. One of the 2 patients with subendothelial deposits had a history of rheumatoid arthritis and showed focal cellular crescents by light microscopy, whereas the other showed no proliferation or crescents and had a diagnosis of splenic marginal zone lymphoma.
DISCUSSION
We present here a large case series of MG cases with light chainÀrestricted deposits by routine immunofluorescence. This is a rare pattern of glomerular injury, representing only 0.95% of MG cases. A handful of publications have addressed this pattern of glomerular injury, including a descriptions by Komatsuda et al. of 3 cases and by Guiard et al. of 14 cases. 2, 7 Nasr et al. included 2 patients with predominant membranous features in the report of the closely related pattern of glomerular injury, proliferative glomerulonephritis with monoclonal IgG deposits. 3, 15 The main goal of the present study was to identify any association of this morphologic pattern with underlying disorders, in particular LPD. This is also the first case series to evaluate the PLA2R status and significance in light chain isotypeÀrestricted MG.
Lymphoproliferative disorders can affect the kidney in numerous ways, ranging from direct infiltration of renal parenchyma by neoplastic cells to glomerular and/or tubulointerstitial monoclonal Ig deposition. 16, 17 Multiple myeloma and plasma cell dyscrasias are the most common hematologic malignancies that lead to kidney disease; however, other clonal processes can also lead to disease. 9,17-19 Strati et al. 16 reviewed 49 renal biopsy findings from patients with CLL and monoclonal B-cell lymphocytosis, and observed that the most common pattern of glomerular injury was membranoproliferative glomerulonephritis. This cohort also included cases with direct CLL infiltration, minimal change disease, acute interstitial nephritis, and amyloidosis. Only 2 of the 49 cases in the series (4%) showed MG, which is slightly lower than the cumulative reported cases available in the literature, where MG represents 12% of all biopsy results from CLL patients. 16 Not all reported cases of MG associated with LPD show light chain restriction by immunofluorescence. 20, 21 In our retrospective analysis, we found that 20 of 3099 patients diagnosed with MG with polytypic deposits had an underlying LPD. On the other hand, 5 of the 28 patients with light chain isotypeÀrestricted deposits had an underlying LPD at the time of the biopsy (4 with CLL/SLL and 1 with splenic marginal zone lymphoma), and 1 additional patient was diagnosed with CLL/SLL 2 years after the kidney biopsy. All 6 patients had absence of M-spike on serum and urine protein electrophoresis, and only 1 patient had a detectable free l light chain by urine immunofixation electrophoresis.
Although the absence of a detectable monoclonal Ig in serum/urine is consistent with previous reports of MG with monotypic deposits, 2, 19, 22 there are also published cases with positive serum and urine protein electrophoresis, including cases of CLL, multiple myeloma, and follicular lymphoma. 2, 9 We speculate that the absence of a detectable monoclonal Ig in serum and/or urine in the majority of these patients is due to a concentration of the monoclonal Ig below the lower limit of detection for the assay.
We were able to identify 3 particular biopsy findings that increase the likelihood of an underlying LPD: negative staining for PLA2R, positive staining for a single IgG subclass, and focal proliferation and/or crescents by light microscopy. Phospholipase A2 receptor (PLA2R), a glycoprotein constituent of normal human podocytes, has been identified as the antigenic target in the majority of cases of primary MG, and staining against this glycoprotein in kidney biopsy samples has been shown to be a useful technique to differentiate primary versus secondary MG.
14, 23 We stained 27 cases for PLA2R. Seven of the 27 stained cases were positive, and none of these positive cases had an underlying LPD. On the contrary, up to 30% of PLA2R-negative patients were associated with a hematologic malignancy, which underscores the importance of performing this ancillary test. Of note, all 4 PLA2R-positive patients in our cohort with tissue remaining for subclass analysis had multiple subclasses present. Based on the findings in this series, it appears that the light chain restriction in PLA2R-associated MG is not indicative an underlying clonal process. Debiec et al. reported a case of recurrent membranous glomerulopathy in a renal allograft that showed PLA2R-positive deposits that did show IgG3 k isotype restriction. 24 However, after a thorough clinical investigation, no evidence of an underlying lymphoproliferative disorder was found. Therefore, to date, there are no reported cases of a PLA2R-positive MG representing a monoclonal gammopathy of renal significance.
IgG subclass staining is useful for determining the significance of light chain restriction seen by routine immunofluorescence staining. Similar to PLA2R-negative cases, 28.6% of patients with positive staining for a single IgG subclass had an underlying LPD, compared to none of the cases with positive 
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A Best Rocha and CP Larsen: Membranous Glomerulopathy With Restricted Deposits staining for more than 1 subclass. Overall, the most frequently positive IgG subclass was IgG1. This observation remained true when analyzing only patients with underlying lymphoproliferative disorders. Dominant and co-dominant IgG4 staining has been reported in cases of primary MG 25, 26 ; hence the predominance of IgG1 and the lack of IgG4 positive cases in patients with underlying LPD was not unexpected. These findings are similar to those from the series by Guiard et al., in which 7 of the 11 patients with MG with light chain isotypeÀrestricted deposits and available IgG subclasses, had IgG1 positive deposits, and none were positive for IgG4. 2 Furthermore, cases of malignancy-associated MG have been shown to be IgG1 or IgG2 dominant, although none of the associated tumors in the report were of hematologic origin. 27 The distribution of IgG subclasses also contrasts with what has been described in proliferative glomerulonephritis with monoclonal IgG deposits, where the majority of cases are IgG3k restricted. 3 It is important to highlight that all cases included in this series had light chain isotypeÀrestricted deposits by routine immunofluorescence and did not require antigen retrieval. Although these data are not presented, immunofluorescence staining for IgG, k, and l light chains was performed on formalin-fixed, paraffinembedded tissue after pronase digestion in 5 cases, including 2 cases with positive staining for a single IgG subclass, 1 patient with positive staining for 2 subclasses, and 2 cases with no available tissue for subclass testing. The pattern of staining did not change when compared to routine immunofluorescence, and no deposits were unmasked with this technique. This observation is relevant to avoid confusion with the recently described entity membranous-like glomerulopathy with masked IgG k deposits, which has somewhat similar morphologic findings but markedly different demographics, clinical presentation, and risk of underlying LPD. 6 The patients presented here, in whom the staining for Igs did not require an antigen retrieval step, are older by a mean age of 34.7 years and more often male. The patients with membranous-like glomerulopathy with masked IgG k deposits had significantly more evidence of autoimmune disease, and none had an associated lymphoproliferative disorder.
In conclusion, MG with light chain isotypeÀrestricted deposits is a rare pattern of glomerular injury. Although the majority of patients lack a recognizable etiology, there is a considerable risk of an underlying lymphoproliferative disorder, predominantly CLL. We present a proposed algorithm for the approach of these biopsies and the clinical workup of these patients (Figure 3 ). The absence of PLA2R positivity within glomerular deposits, positive staining for a single IgG subclass, and presence of focal proliferation or crescents by light microscopy are worrisome histopathologic features that should prompt a thorough clinical workup to exclude the presence of an underlying lymphoproliferative disorder, even in the absence of a recognizable monoclonal Ig.
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